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(54) Reaction site array, preparation of it, reaction process using it and quantitative 
determination method of substance in sample solution using it 



(57) A reaction site array to be used in conducting 
a plurality of reactions between two or more kinds of 
substances in a liquid medium with a trace amount is 
provided. The reaction site array comprises a plurality 
.of reaction sites separated each other, each of the re- 
action sites is composed of a first region and a second 



region, the second region is raised from the first region 
to separate the first regions each other, and the first re- 
gion has ah affinity to the liquid medium and the second 
region has an affinity to the liquid medium lower than 
that of the first region. A preparation process of the re- 
action site array and a reaction process using the reac- 
tion site array are also provided. 
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Description 

BACKGROUND OF THE INVENTION 
Field of .the Invention 

. [00D1] The present invention relates to a reaction site 
array having plural reaction sites, the preparation proc- 

- ess thereof, the reaction process using the reaction site 
array and a quantitative determination method of a sub- 
stance in a sample solution using the reaction site array, 
for the use of screening of chemicals such as curative 
medicines, of gene fingerprinting, of gene sequencing 
by hybridization (SBH: Sequencing By Hybridization) 

, and' of simultaneous multi-detection of subject materi- 
als, which can be used for so-called combinatorial 
chemistry where plural reactions are carried out in a 
trace amount at the same time. 

Related Background Art. 

[0002] Recently, so-called combinatorial chemistry 
has been attracting attentions, in which, for example, a 
plurality of oligopeptides expected to interact with the 
aimed medicine are prepared, and the interaction be- 
tween the oligopeptides and the various chemicals to 
be screened are analyzed, to identify the aimed medi- 
cine. Because the approach of random drug design is 
inefficient, and the evaluation of the designed and syn- 
thesized drugs with animal tests etc. is time consuming 
and expensive, combinatorial chemistry is now required 
as an alternative measure. 

[0003] As probes for such a combinatorial chemistry, 
there are above-mentioned oligopeptides. As a means 
to bind such probes ontothe solid, latex particles having 
functional groups on their surfaces to bind the probe can 
be commercially available (Calbiochem - Novobiochem 
Inc.). Further, US Patent No.. 5,143,854 discloses a 
preparation method of an oligopeptide array using pho- 
tolytic protecting groups and a photolithography process 
in combination. 

[0004] In detecting target nucleic acids having a cer- 
tain base sequence by using a nucleic acid probe, in- 
stead of conventional methods such as Southern hy- 
bridization, a method has been proposed where plural 
types of nucleic acid probes are immobilized onto a solid 
support and then test samples including target nucleic 
■acids are hybridized thereto and the detection is con- 
ducted as in combinatory " 
[0005] For example, Japanese National Publication of 
PCT Application No. 3-505157 discloses an analytical 
device for polynucleotide sequence which comprises 
the entire or specific parts of a full set of oligonucleotides 
with a certain length immobilized onto a support. Fur- 
ther, in US Patent No. 5,202,231, a similar analytical 
method for. sequencing by hybridization of polynucle- 
otide is proposed. In US patent No. 5,424,186, a prep- 
aration process'of a nucleic acid probe array onto a solid 



support by a combination use of photolytic protecting 
groups and a photolithography process is disclosed. 
[ODDS] In enzyme-immunoassay, generally, reaction 
is carried out on a microplate having maximum 95 wells 
5 and the results are read by a microplate reader for si- 
multaneous multi-item or multi -sample reaction and de- 
tection. This method has a limitation in high throughput 
analysis of a large number of samples. . . 
[0007] One of .the main concerns, of combinatorial 
chemistry is how to supply various reaction species to 
a reaction site effectively, in other words, how to supply 
effectively a variety of reaction species each in a small 
amount (in a small liquid volumB) to a reaction site with- 
out cross contamination. From this viewpoint, the micro- 
plate method described above has theoretical limita- 
tions, although efficient and throughput systems have 
been developed recently using robot technology. It has 
another problem that a relatively large volume of liquid, 
i.e., from about 20 uJ to about 1 00 u.l, is necessary to be . 
supplied to one well. 

[0003] Also in the synthetic method of a probe array 
on a solid phase using a photolytic protection group and 
photolithography described in the above-mentioned US 
Patent Nos. 5, 1 43,854 and 5,424, 1 SB , although it is pos- 
sible to array a variety of probes onto a support, each 
probe lies on the same plane so that substances to be 
reacted with the probe are supplied to the entire probes, 
making it impossible to conduct different reactions with 
each probe: In addition, as the probes, oligopeptides or 
oligonucleotides which are synthesized on a solid sup- 
port are used without any purifiying treatment, thus it is 
not possible to confirm whether desired probes are syn- 
thesized, and by-products which are inevitably. synthe- 
sized during the probe synthesizing steps such as oli- 
gomers shorter than the probes etc. cannot be removed. 
[0009] As a means to solve these problems, there has 
been proposed to supply reaction species already' syn- 
thesized and purified to the reaction site using a micro- 
dispenser. For example, Khrapko et ah introduce a 
method to make a DNA probe array by spotting a DNA 
solution using a micropipet onto a polyacrylamide gel 
(DNA Sequencing 1 , 575 - 38B, 1 991). According to this 
method, a DNA solution of a relatively small amount can 
be fed, but the region to which the DNA solution be fed 
45 cannot be specified, thus causing a problem in quanii- 
. tation. Also, cross contamination between the' juxta- 
posed spots may occur when probe solutions are fed. 
The same problem may arise when the other reaction 

species is" fed; : " " 7 . 

so [0010] There has been also proposed a method for 
stepwise synthesis of nucleic acid probes performed on 
mainly porous solid matter, where the ink-jet method is 
' employed to reduce' the feeding amounts of reaction 
species and to achieve reactions in various kind and a 
55 large number (International Publication of PCT Appiica- 
tin No. W095/25116). This method has problems in step- 
wise synthesis of probes and in the not-specified feed- 
. ing regions. 
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[0011] There have been proposed some measures to 
solve the problem that the regions tor the reaction spe- 
cies can not be specified. 

[0012] Chrisey eta!., for example, introduce a method 
where a silane coupling agent having appropriate func- 
tional groups is applied onto a support and subjected to 
patterning, then onto which DNA probe solutions are " 
spotted to prepare a DNA probe array (Nucleic Acid Re- 
search, Vol.24, Number 15, 3040 - 3047, 1996). 
[0013] Lemmo et ai. introduce a method to feed rea- 
gents using a microdispenser into each well of a poly- 
propyrene sheet (plate) molded to have a large number 
of wells on its surface (Anal. Chem., 69, 543 - 551, 
1 997), specifically, a reagent solution of about 8 uJ each 
is fed with a microdispenser into each well of a polypro- 
pyrene resin plate having 4B x 48 wells. The well size 
is presumed to be 3 mm in diameter and 2 mm in depth, 
and the size of the molded plate is described to be 8.5 
inches X 11 inches. With molding, the feasible well size 
is about several millimeters as in the above mentioned, 
case, and when the whole plate size is considered, the 
number of wells composing the array is not more than 
48 x 48, and the entire plate size is not so small. When 
actually used in combinatorial chemistry, much more 
kinds of probe species are desirably used and a much 
smaJler-plate is desirable. In addition, since a plate made 
of polypropylene is water repellent, it is difficult to dis- 
tribute aqueous solutions of biomaterlals such as nucle- 
ic acid into small wells, and undesirable cross contam- 
ination may occur between the adjacent wells. 
[0014] Japanese National Publication of PCT Appli- 
cation No. 7-508B31 discloses a method to supply a nu- 
cleic acid probe solution using a microdispenser to pat- 
terned, regions of a silicone support. According to this 
method, both the probe speciBS number and array size 
seem to fill the requirement, but there still remains the 
problem of cross contamination when probes are fed or 
when test samples are applied. 

[001 5] According to the method disclosed in Interna- 
tional Publication of PCT Application No. W095/35505, 
a nitrocellulose fitter backed with a non water-permea- 
ble film is. sectioned with silicone rubber and then to 
these sections a DNA solution is supplied to form a DNA 
array by non-covalent bonding. There disclosed is a 
method to examine plural samples at the same time 
without cross contamination by providing plural sets of 
sections divided with silicone rubber on the support, but 
not specifically about individual DNA reaction regions. 

SUMMARY OF THE INVENTION 

[0016] According to one aspect of the present inven- 
tion, there provided is a process for producing a reaction 
site array which comprises a plurality of reaction sites 
to conduct a reaction between two or more kinds of sub- 
stances in a liquid medium, each of the reaction sites 
being composed of a first region having a first affinity to 
the liquid medium and separated from each other by a 



second region having a second affinity to the liquid me- 
dium which is lower than the first affinity, and the second 
. region being raised from the first region, the process 
comprising the steps of: 

5 ' 

providing a support; and 

forming a matrix pattern having the second affinity 
and raised from the support surface, to form the first 
region composed of the support surface exposed 
10 corresponding to the matrix pattern and the second 
region composed of the matrix pattern. 

[0017] According to another aspect of the present in- 
vention, there provided is a reaction site array compris- 
es ing a plurality of reaction sites to conduct a reaction be- 
tween two or more kinds of substances in a liquid me- 
dium, wherein each of the reaction sites is composed of 
a first region having a first affinity to the liquid medium 
and separated from each other by a second region- hav- 
20 ing a second affinity to the liquid medium which is lower 
than the first affinity, and the second region is raised 
from the first region. 

[0018] According to the further aspect of the present 
invention, there provided is a process for conducting a 
25 reaction between two or more kinds of substances in a 
liquid medium comprising the steps of: 

providing a reaction site array comprising a plurality 
of reaction sites being composed of a first region 

30 having a first affinity to the liquid medium and sep- 
arated from each other by a second region having 
a second affinity to the liquid medium which is lower 
than the first affinity, and .the second region being 
raised from the first region, and 

35 applying the substances to at least one of the reac- 
tion sites and reacting the substances in the sites. 

[001 9] According to the further aspect of the present 
invention, there provided is a process for quantifying a 
40 first substance contained in a sample liquid comprising 
the steps of: 

a) providing a reaction site array comprising a plu- 
rality of reaction sites, each of the reaction sites be- 

45 ing composed of a first region having a first affinity 
to the sample liquid and separated from each other 
— by a second region having a second affinity to the 
sample liquid which is lower than the first affinity, 
and the second region being raised from the first 

so region; 

b) supplying the sample liquid to the reaction site; 

c) supplying to the reaction site a reagent providing 
a detectable and quantifiable signal when interacl- 
ing with the first substance to enable the quantita- 

55 five detection, of the first substance; and 

d) quantitatively detecting the signal. 

[0020] According to the present invention, the reac* 
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tion sites are wells formed on a substrate in a matrix- 
like pattern, and the bottom (the first region) of the well 
is the exposed substrate having a high affinity to the liq- 
uid medium and the surrounding wall (the second re- 
gion) raised from the substrate is made of a material 
having a low affinity to the liquid medium. Such a con- 
stitution enables smooth feeding of the reaction solution 
comprised of the liquid medium and reaction substanc- 
es; prevention of the solution "from flowing over the 
raised region because of the low affinity . of the surface 
of the raised part to the solution, that is, prevention of 
cross contamination between the adjacent wells. Due to 
smooth feeding of the solution to the wells, the solution 
can be fed almost several ten times as much as the vol- 
ume of the well. 

[0021] According to the present invention, the reac- 
tion site array having such functions can be effectively 
prepared with high accuracy. 

[0022] A matrix pattern forming weiis can bB made us- 
ing a fine patterning technology described hereinafter, 
a large number of sufficiently small reaction sites can 
be made on a chip of, for example, 1 cm x 1 cm. 
[0023] In the present invention, that the support sur- 
face has an affinity to a liquid medium means, it has an 
affinity, in addition to the affinity to the liquid medium it- 
self, to the liquid medium containing one or more sub- 
stances such as rsactants, auxiliaries required in reac- 
tion, reagents for quantitative or qualitative analysis, 
and reaction products. The same is said to the n non- 
affinity" of the projecting part has no affinity. 

BRIEF DESCRIPTION OF THE DRAWINGS . 

[0024] Figs. 1 A and 1B illustrate an example of the 
structure of the reaction site array of the present inven- 
tion; Fig. 1 A is apian view and Fig. 1 B is a cross-section. 
[0025] Fig. 2 is a graph which illustrates the results of 
quantitative determination of fluorescent intensity of Ex- 
ample a. 

[002B] Fig. 3 is a graph which illustrates the results of 
quantitative determination of fluorescent intensity of Ex- 
ample 9. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0027] Fig. 1 A is a plan view of a reaction site array : 
according to one embodiment of the present invention 
and-Fi g^t Bis th e cross^section th rou gh th el in e'lB^TB 
of Fig. 1 A This reaction site array has a plurality of well 
3 as reaction sites arrayed onto substrate 1 in a matrix 
form. The wells 3 are separated each other by projecting 
matrix pattern 2. raised from first region 4 of the well a 
The first region 4 is consisted of the exposed surface of 
the support 1, and the surface of the support 1 has an 
affinity to the liquid medium which is used for the reac- 
tion of, for example, two kinds of substances. On the 
other hand, the surface of the projecting matrix pattern 



2* (the second region) has a low affinity to the liquid me- 
dium compared to the first .region 4. 
[0028] Specifically, when the liquid medium of the re- 
action system is an aqueous medium (water, or a liquid 
s medium mainly containing water), it is preferable that 
the surface of the support 1 is hydrophilic and the sur- 
face of the projecting matrix pattern 2 hydrophobic. Con- 
trary, when the liquid medium is not aqueous, it is pref- 
erable that the surface of the support 1 is lipophilic and 
io the surface of the projecting matrix pattern -2 non-ij- 
pophilic. 

[0029] More.specificaliy, when the liquid medium is an 
aqueous one, the support 1 can be made of glass, metal 
or silicone wafer; glass, metal, silicone wafer, resin, or 

15 resin film those treated to have a hydrophilic surface; or 
glass, metal, silicone wafer, resin, or resin film those 
coated with a hydrophilic layerto have a hydrophilic sur- 
face, whereas the matrix pattern 2 can be made. of a 
• resin material to have a hydrophobic. surface. 

20 [0030] On the other hand, when the liquid medium is 
not aqueous, the support 1 can be made of a- resin which 
can form a lipophilic surface, and the matrix pattern 2 
can be made of metal, glass or the like -to have a hy- 
drophilic surface. 

25 . [0031] When the reaction is detected optically, prefer- 
ably, the support- to be used is transparent or in some 
cases optically black. As a preferable support, it can be 
used a support made of glass such as synthetic quartz, 
fused quartz and the like; "of silicone wafer; of a resin 

30 such as acrylate, polycarbonate, polystyrene,' and vinyl 
•.chloride, or. a support in which a black pigment .or dye 
has been mixed. As the black pigment, carbon black or 
organic black pigments can be used. 
. [0032] When the matrix pattern 2 is patterned by.pre- 

35 cision processing, the matrix pattern can be easily made 
from a photosensitive resin by light-exposing and devel- 
oping the photosensitive resin. 

[0033] in the present invention, it is preferablethatthe 
affinity to the liquid medium differs in the first region and 

40 the second region as much as passible. For example, 
when the liquid medium is an aqueous system, it is de- 
sirable that the substrate surface is more hydrophiiic 
and the surface of the projected matrix- pattern is more 
hydrophobic. In this case, it is possible to increase the 

45 hydrophobicity of the matrix pattern by baking the matrix 
' pattern after light-exposure and development Thus, this 

•-- process is one of the preferable embodiments of the 
present invention. Likely, it also possible to increase the • 
' hydrophilicity of theTirst •regiari-'by arytetc^ing^fie = ex- ■'■ 

so posed support surface using the matrix pattern as a - 
mask 

[0034] As a composing material of the matrix pattern 
used in the present invention, any material which meets 
the necessities of the present invention may be use. For 
55 ■ example, metals such as chromium, aluminum and gold 
may also be used. When conducting an optical detec- 
tion," the use of black chromium in combination with a 
clear support is believed to be ideal, from a view point 
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of reliability, since it is highly opaque. But metal has rel- 
atively high hydrophiliclty, and when a metal film is 
formed by evaporation considering the uniformity of the 
film thickness, the film formed is usually several thou- 
sand Angstrom thick. These features must be taken into s 
consideration when a metal is utilized. 
[0035] When the reaction system is an aqueous sys-. 
tern, the first region should be hydrophilic. Thus, the suit- 
able materials to form the matrix pattern are those hav- 
ing high hydrophobicity compared to the support and 10 
those which can form a film about 1 .pm or more thick 
securedly, and resin materials such as acrylate, polycarr 
bonate, polystyrene, polyethylene, polyimide, acrylic 
monomer, urethane acrylate, Teflon and the like can be 
preferably used. 15 
[0036] To make the matrix pattern, tor example, the 
substrate is coated with a resin, arid a photoresist is ap- 
plied onto the resin on the substrate, and after patterning 
the photoresist, the resin is subjected to a patterning . 
process such as etching; When a photosensitive resin 20 
is used, the resin itself can be patterned by a photolith- 
ographic process using a photo mask. As such photo- 
sensitive resins, UV resists, DEEP-UV resists, UV-cur- 
ing resins and the like can be used. As the UV resists, 
negative type resists such as cyclized poiyisoprene-ar- 25 
omatic bisazide resists, phenol resin-aromatic azide re- 
sists, and positive type resists such as novolac resin- 
diazonaphthoquinone resists are included. 
[0037] Of DEEP-UV resists, as positive type resists, 
there are radiolytic polymeric resists such as poiymeth- 30 
ylmethacrylate, polymethylenesulphone, polyhex- 
alfiuorobirthyimethacrylate, polymethy I isopropeny Ike- 
tone, poly 1-trimethyisilylpropine bromide; and dissolu- 
tion inhibitor resists such as Q-nitrobenzyl cholate. As 
negative type DEEP-UV resists, there are polyvinylphe- 35 
nol-3, 3'-diazidediphenylsulphone, glycidyl poiymeth- 
acrylate and the like. 

[0038] As ultraviolet-curing resins, included are poly- 
ester acrylate, epoxy acrylate and urethane acrylate 
containing 2 to 10 % by weight of one or more.photopo- 40 
lymerization initiators selected from benzophenon and 
substitution derivatives thereof, benzoin and. substitu- 
tion derivatives thereof, acetophenone and substitution 
derivatives thereof, and oxime compounds such as ben- 
zyl dioxime. 45 
[0039] As mentioned above, the material used for 
making the matrix pattern preferably has. opaque prop- 
erties to increase, the sensitivity and reliability of detec- 
tion when an optical detection, for example, a fluores- 
cent method is used. As such materials, there are met- 50 
als, black resins or black photosensitive resins. As the 
black resins or black photosensitive resins, the above- 
mentioned resins, or photosensitive resins containing a 
black dye or a black pigment can be mentioned. As the 
black pigment, carbon black or black organic pigments ss 
can. be used. Sgch a black-colored matrix pattern is 
called a black matrix pattern. 

[0040] The shape of the first region can be selected 
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considering the easy formation, handling performance, 
and operability at detection. Although the shape can be 
selected from various polygons, ellipticals and the like, 
a simple shape such as one illustrated in Figs. 1 A and 
1 B is desirable. The array pattern of -the first regions can. 
be changed appropriately according to necessity. For 
example, they may be arranged at the same intervals 
with the same separations as in the plan view shown in 
Figs. 1 A and 1 B, or they may be arranged so that those 
in the adjacent lines may not stand side by side. 
[0041] Considering the number of reactions and the 
total size of arrays, the longest width of the first region 
separated by the matrix pattern is preferably 300 pm or 
less. For example, if the plan shape of the well is a 
square as shown in Figs. 1 A, the side length can be 200 
fim or less. When the plan shape is to be rectangular, 
the length of the long side is preferably 200 (am or less,, 
and when it to be a sphere, the diameter is preferably 
200 jim or less. The lower limit of the; size can be 1 jam. 
[0042] The distance between th e two adjacent first re- 
gions is preferably ranging from 1/2 fold to 2-fold of the 
longest width of the first region when the total size of the 
. array, possibility of cross contamination, easy operation 
upon feeding of various solutions etc. are considered 
The thickness of the matrix pattern (height from the sup- 
port surface) is preferably 20 pm or less, considering 
the making of the matrix pattern, the volume of the well, 
and the volume of the reaction solutions to be supplied, 
especially when the matrix pattern is made by a photo-, 
lithographic process. The lower limit of the thickness 
may be set to about 1 pjn. 

[0043] By setting the* sizes in these ranges, a suffi- 
cient number of reaction sites can be provided. When 
the supply of the solutions into the first region for the 
reaction of two or more substances for combinatorial 
chemistry is earned out by the ink-jet recording method, 
the direction of ejected ink and the volume of ejected ink 
in the order of from picoliter to nanoliter as mentioned 
thereafter, are not always the same due to the changes 
in ejection conditions etc. Even in such a case, cross 
contamination among the adjacent first regions can be 
prevented by separating the first regions with projecting 
matrix pattern having the height of 1 um or more. 
[0044] When making the square wells of 200 pm X 
200 pm'X 20 jim, each inner volume becomes 800 pi, 
and when each distance x between the adjacent wells 
in the structure shown in Figs 1 A and 1 B is setto be 200 
prn, the density of the minute reaction sites becomes 
625 units/cm 2 , Le\, reaction site densities of the order. 
. of 1 0 2 units/cm 2 or more fall into the scope of the present 
invention! Alternatively, when the wells are 5 jim x 5 pm 
x 4 pm in size and the distance between the adjacent 
wells is 5 jim, the volume of each well becomes 0.1 pi 
and the reaction site density becomes 1,000,000 units/ 
cm 2 . Because the patterning with the size of 5 pm x 5 
pin X 4 pm is feasible by the today's microprocessing 
technology, the arrays in the order of 10 6 units/cm 2 or 
more aisofalUnto.the scope ..of thapresst invention. 
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[0045] Next, the reaction using the reaction site de- 
scribed above wil) be illustrated. 

[004G] In the present invention,, in a certain we I i of the 
wells of the reaction site array ofthe structure described 
above, a reaction of at least two kinds of substances in 5 
a liquid medium can be carried out. In these wells, the 
• same reaction or different reactions can be carried out 
simultaneously (inciuding reactions of different reac- 
tants and different reactant concentrations). 
[0047] To constructthe reaction of the reactive system io 
in the wells, any conventional methods can be utilized. 
For example,, when two kinds of substances are reacted, 
a solution containing one substance is supplied into a 
well and then a solution containing the other substance 
is mixed therewith to initiate the reaction. When three ts 
substances are used, the methods where these, sub- 
stances are added to a certain well one by one to mix 
together, where a solution containing two substance and 

. another solution containing the remaining one are sup- 
plied into a well to mix together. 20 
[0048] When the wells are formed as minute reaction 
sites and the volumes of the reaction solutions are as 
'small as from sub-picoliter to sub-nanoliter, it is prefer- 
able to take a means to prevent evaporation and/or gas- 

: eous diffusion of the fed solutions into the reaction site. 25 
For example, when the reaction system is an aqueous 
system, it is desirable to place the array under the con- 
ditions of necessary constant temperature and constant 
humidity. 

[0049] In the present invention, the volume of the liq- 30 
uid supplied at the reaction is around from 0.1 pi to 1 nl 
according to the above-mentioned calculation, presum- 
ing the same amount as that of the well is fed. In the . 
present invention, since the matrix pattern part has little 
affinity to the liquid to be supplied, with some liquid spe- 35 
cies, it is possible to feed the extra amount of the liquid 
exceeding the volume ofthe well, so that the liquid stays 
swelling by surface tension at the well opening. In this 
case, for example, the solution volume of from ten- to ■ 
several ten- fold of the well volume can be supplied. In w 
other wordSi in the above-mentioned case, the liquid of 
from several picoliter to tens of nanolrter can be sup- 
plied. In any case, it is often difficult to supply a liquid of 
such a small amount with good precision both in terms 
of location and amount using a regular microdispenser 45 
or micropipet. Thus, it is preferable to supply the reac- 
tion solutions into the wall using the ink-jet method in 
the present invention. 

[0050] ^ v A:soltrtioh'for the reaction 'systerrrcan^be^fed 
by the ink-jet method, using an ink-jet head used in an ^ 
ink-jet printer.- "In the ink-jet printing, ink is ejected with 
highly precise positioning of an pm ordBr, making it high- 
ly suitable to the supply of the reaction system into a 
minute reaction site array ofthe present invention. Since 
the amount of the ejected ink is from about 1 pi to about ss 
several nl in general, it is also suitable to feed the reac- 
tion system solution in the present invention. Because 
the ink-jet heads are manufactured using semiconduc- . 



tor manufacturing technology, the discharging amount 
can further be adjusted to the desired volume. 
. [0051] Although the stepwise synthesis of a DNA 
probe array using such an ink-jet method is mentioned 
in International Publication of PCT Application No, 
W095/2511S, the substrate disclosed in it is of simple 
glass or of porous glass. When a simple glass substrate 
is used, the region where the applied solution spreads 
can not be controlled and also the problem. of cross con- 
tamination will occur. When a porous glass substrate is" 
used, the solution spreading can be controlled to some 
extent, but not in a quantitative way, and the problem of 
'cross contamination still remains. Moreover, with the 
ink-jet method, a certain extent of fluctuation- occurs in 
the direction of droplet ejected from the head, which re- 
sults in the disorder of the array when a simple glass or 
the porous glass substrate is used.. On the other hand, 
according to the present invention, the spreading ofthe 
droplet can be quantitatively regulated by the projecting 
matrix pattern, and even if the fluctuation in the- dis- 
charging direction occurred and the ejected droplet 
does not hit the first region precisely, the non-affinity of . 
the matrix pattern to the ejected droplet leads the droplet 
into the desired first region. 

[0052] As the ink-jet method usable in the present in- 
vention to supply a reaction system solution to. the re- 
action site, there is the piezo-jet method, or.the bubble- 
jet method utilizing thermal bubbling. 
[0053] Next, the reaction species highly suitable to the 
reaction using the reaction site array of the present in- 
vention will be described. In the present invention, any 
reaction species which can react in the wells arranged 
in an array may be used. But, the liquid medium of the 
reaction system must be an aqueous system, when the 
first region is hydrophiiic and the surface of the project- 
ing matrix pattern is hydrophobic, and the Jiquid medium 
should be an organic solvent, when the bottom of the 
well (first region) is lipophilic and. the surface ofthe pro- 
jecting matrix pattern is non-lipophilic. When two or 
more kinds of solutions are to be supplied, it is desirable 
that the solvents composing the solutions are compati- 
ble. 

[0054] Reaction species used in the present invention 
are exemplified by, a ligand and a receptor thereof, an , 
oligo- or polypeptide having a certain amino acid se- 
quence and a substance having an. affinity. thereto, an . 
enzyme and a substrate thereof, ;an antigen and an an- 
tibody to the antigen, a nucleic acid or nucleic acid an- 
alog- having a'certain base^sequence an'd'a^nucleic : acid 
or nucleic acid analog having a complementary basB se- 
quence to a certain base sequence ofthe former nucleb 
acid or nucleic acid analog. The nucleic acid or nucleic 
acid analog is exemplified by DNA, RNA, or PNA. PNA 
is a nucleic acid analog having a peptide bond backbone 
(protein nucleic acid). 

[0055] Also, an embodiment where at least one ofthe 
reaction substances is bound to the inner surface of the 
well is in the scope ofthe present invention. Such reac- 
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tion species are exemplified by immobilized enzymes, 
immobilized antibodies, immobilized nucleic acid 
probes, immobilized peptide probes and the like can be 
exemplified. By immobilizing at least one reactive sub-, 
stances, the supply of the other reactive species be- 
comes easy and at the same time operations such as 
washing becomes easy. 

[0056] Next, a preparation process of the reaction site 
array using a clear glass substrate and a black photo- 
sensitive resin for the matrix pattern is explained. Reac- 
tion in the array thus formed is also explained. 

(1 ) A clear glass substrate is appropriateiy washed, 
dried, and then a black photosensitive resin is ap- 
plied thereto. As the application method, various 
methods including spin coating, die coating, and dip 
coating can be used. 

(2) The applied layer is subjected to interim hard- 
ening using, for example, a hot plate. And then, the 
layer is exposed to light using a photo mask having 
a certain pattern and an exposure device ota wave 
length matching to the spectral sensitivity of the 
photosensitive resin. . 

(3) Then development follows: when the photosen- 
sitive resin composition is a negative-type, the part 
shielded from light with the mask is washed out by 
the developing solution to expose the substrate sur- 
face and the light-exposed part remains as a black 
matrix pattern. Then the substrate is rinsed to re- 
move the developing solution and dried. 

(4) The matrix is hardened again using, for exam- 
ple,' a hot plate to confer it the required water repel- 
lency. 

(5) The substrate, is subjected to dry etching using 
the black matrix as a mask to clean the engraved 
part in the matrix pattern to the required cleanness. 

(6) A solution (an aqueous solution in this case) of 
the substance(s) to be reacted is injected into the 
well at the desired position of the matrix pattern by 
the bubble-jet method. 

(7) The reaction site array is placed under prede- 
termined reaction conditions. 

(8) The necessary detection operations are carried 
out . 

[0057] The present invention will be specifically illus- 
trated with examples thereinafter,; 

Example 1 

[Preparation of a micro reaction site array with a'black 
matrix (for an aqueous reaction system)] 

[005B] A synthetic quartz substrate was washed by 
sonication with an aqueous 2% sodium hydroxide solu- 
tion, and treated with UV-ozone. A DEEP-UV resist con- 
taining carbon black (BK-739P, product of Shin-Nittetsu 
Kagaku Inc., a negative-type resist for black matrix) was 



applied by spin coating to make the film thickness 5 u,m 
after hardening. The coated substrate was placed on a 
hot plate to heat at B0 D C for 5 min to harden the resist. 
[0059] The coated substrate was then subjected to 

s proximity exposure using a DEEP-UV exposure devise 
and a pattern mask to constrain the width of the black 
matrix pattern (corresponding to the distance between 
the wells: x, as shown in Figs. 1 A and 1 B, the same ex- 
pression will be used hereinafter) to 200 urn and the size 

10 of the square wells to 200 ujti X 200 jim, Then the black 
matrix pattern was formed using an inorganic alkaline 
aqueous solution as a developing solution and a spin 
developer, and then rinsed with pure water to completely 
remove, the developing solution. After, drying using a 

1& spin dryer, the product was heated in a clean oven at 
180°Cfor 30 min to harden the. black matrix completely. 
[0080] Then, the substrate surface in each well was 
cleaned by plasma ashing using the black matrix as a 
. mask. At this point, the measured contact angle of the 

20 black matrix surface to water was. 87° indicating little, 
wettability, and the contact angle of. the substrate sur- 
face to water was 22° indicating considerable wettabil- 
ity, 

2S Example 2 

[Preparation of a minute reaction site array using black 
chromium (for a non-aqueous reaction system)] 

30 [0061] An acrylic resin substrate (Deragiass, product 
of Asahi-Kasei Kogyo) was washed by sonication with 
a 2% sodium hydroxide. aqueous solution and treated 
with UV-ozone. The resist pattern corresponding to the 
first regions was formed by conventional photolithogra- 

35 phy. The thickness of the resist was 1 |±m after harden- 
ing. After the post-baking process at 100°C for 30 min, 
a black chromium film of 2000 angstrom thick was 
made, and the chromium film corresponding to the first 
. regions was removed by the lift-off method using a resist 

40 exfoliating solution. The support was washed appropri- 
ately and after drying, the support surface was cleaned 
by plasma ashing as described in Example 1. By this 
process, the minute reaction site array haying a matrix 
pattern made of black chromium and first regions made 

45 of acrylic resin was obtained. At this point, the measured 
contact angle of the black chromium surface with water 
was.25°, indicating wettability, and the contact angle of 
the substrate surface with water was 93°, indicating little 
wettability, .. 

Example 3 

[Supply of an aqueous solution into a minute reaction 
site array by irik-jet method - 1] 

[00B2] -A minute reaction site array of 1 cm x 1 cm 
was made on a glass substrate, which was comprised 
of 2500 units of square first regions, of .1.00. jam X 100 
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ixm (reaction well) with the black matrix pattern of which 
width was 100 um, by the same manner as described 
in Example 1. Then, an aqueous 10 u.M rhodamine B 
was ted into the wells in a checkered pattern using an 
ink-jet device, where the reed amount per well was 50 
.p!, equal to the volume of the reaction well. The precision 
of ejection positioning of the ink-jet devise used was 
±2.5 um. Then, an aqueous solution of 1 0 uJvl amino- 
FITC was supplied in an amount of 50 pi per well to the 
remaining reaction wells from another ink-jet head. 
Rhodamine B and amino-FITC were used because they 
are water soluble and their fluorescence is suitable for 
observation of conditions of the distributed liquid and 
cross contamination. 

[0063] Using a Nikon fluorescent microscope with a 
G excitation filter (for rhodamine B) and a B excitation 
filter (for amino-FITC), the conditions of fed solutions 
WBre observed by fluorescence at the magnification of 
100 times. Each solution was uniformly distributed into 
the wells without forming a droplet. Moreover, the fluo- 
rescence of each dye was found only in the wells where 
•the dye should be found, indicating that the distribution 
of the solution into wells was carried out without any 
cross contamination. 

Example 4 

[Supply of an aqueous solution into a minute reaction 
site array by ink-jet method - II] 

. [0054] Solutions of rhodamine B- and amino-RTC 
were distributed in the same manner as in Example 3, 
except that 500.pl, 1 0 Times as much as the well volume, 
was distributed to each well. When observed using a 
fluorescent microscope, each dye solution was supplied 
into each well forming a droplet due to the water repel- 
iency of the matrix pattern. No cross contamination was 
observed as in Example 3. 

Example 5 

[supply of a non-aqueous solution into a minute reaction 
site array by ink-jet method] 

[0065] A minute reaction site array of 1 cm X 1 cm 
was formed on an acrylic substrate, which was com- 
prised of 2500 units of square first regions of 100 um x 
100 u.m (reaction well) with the black chromium matrix 
.pattem-of-which^width'Was^OO^urhrin-the-same'manner 
as in Example 2. Then, a DMSO solution of 1 0 uJvl rhod- 
amine B was supplied in the 50-fold volume of the well 
volume, 50 pi per well, to every other well in a checkered 
pattern using an ink-jet device. Then, the same amount 
of a DMSO solution of 10 pM HTCwas supplied into 
each remaining well from another ink-jet head. When 
observed using a fluorescent microscope, the DMSO 
solution of each .dye was supplied into each well swollen 
from, the well (because the supplied volume was not 



large enough to form a droplet) due. to the non-Npophilic 
property of the matrix pattern. Also no cross contamina- 
tion was observed as in Example 3. 

5 Example 6 

[Feeding model of two kinds of aqueous solutions into 
a minute reaction site array by ink-jet method] 

10 [0055] in the same manner as in Example 3, the aque- 
ous rhodamine B solution and the amino-FITC solution 
were distributed in a checkered pattern to the wells as 
a model of the first reaction species, except that each 
well received .250 pi of the solution, 5 times as much as 

is the well volume. Then, another 250 pi of the same so- 
lution was added to the same well as a model of the 
second reaction species. When observed using a fluo- 
rescent microscope, each solution had been distributed 
in each well in the form of a droplet due to the water 
so. repellent property of the matrix pattern, and no splash 
was observed in swelle of the second feeding. Also no . 
cross contamination was observed. 

Example 7 

2S 

[Supply of two kinds of aqueous solutions into a minute 
reaction site array by ink-jet method and their reaction] 

[00S7] Fifty picolrter of a TE buffer (pH 7.5) containing 
30 40 u.M sonication-fragmanied salmon testes DNA was 
distributed into each well as in Example 3. Then, 50 pi 
of a TE buffer containing 1 0 jxM ethidium bromide (EB) 
was added to the same well, and then incubated for 5 
min in an incubator at 25°G and 1 0D%.humidrty, and the 
35 fluorescence was observed using a fluorescent micro- 
scope (with a G excitation filter). .The fluorescence was 
observed in the wells received both solutions. This 
means that EB and the double-stranded nucleic acid re- 
acted, in the well and the fluorescence due to the EB 
40 intercalation was observed. From the wells to which only 
EB was supplied (control wells), only very weak-fluores- 
cence was observed. 

Example B 

45 ' 

[Supply of two kinds of aqueous solutions into a minute 
reaction site array by ink-jet method, their reaction and 
quantitation of fluorescence after the reaction - 1] 



50 [00BB] DNA solutions of 0 u.M, 2 uJvi, 5 u.M, 1 0 j±M, 20 
u.M, 40 u.M, 100 u.M and 200 uJvT (base pair concentra- 
tion) were supplied in an amount of 50 picpliter into eight 
wells respectively, as in Example 7. Then, 50 pi of a 10 
u.M EB solution was added to Bach well, and incubated 

55 as in Example'7. Then the fluorescent images from the 
fluorescent microscope were read into an ICCD camera 
(Hamamatsu Photonix C2400-87) and the light volume 
., was quantitatively determined by an image processing 
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devise (HamamatsuPhbtonix ArgusoO). The signal am- 
plification level of ArgusSO was appropriately set. The 
results are shown in Fig. 2. Fig. 2 indicates that the re- 
action in the minute reaction site array of the present 
invention proceeded and detected quantitatively. At a s 
certain ratio of DNA and EB, the fluorescence intensity 
reaches the saturation. 

Example9 

10 

[Supply of two kinds of aqueous solutions into a minute 
reaction site array by ink-jet method, their reaction and 
quantitative determination of fluorescence after the 
reaction - II] 

15 

[0069] A 40 U-M TE buffered (pH 7.5) solution of car- 
boxyfiuorecein diacatate (Molecular Probe Inc., C-369), 
a fluorescent substrate of esterase, was fed by ink-jet 
method in an amount of 50 pi each into seven wells of 
the minute reaction site array prepared in the same 20 
manner as described in Example 3. Then, a solution of 
2 units/filer choline esterase. (Wako Jyunyaku) in TE 
buffer (pH 7.5) was added to each well with drfferenttime 
intervals so that the reaction time in the seven weiis be- 
comes 0 min, 5 min, 1 0 min, 1 5 min, 20 min, 25 min and 25 
30 min, respectively. The reaction was conducted in an 
incubator at 25°C and 100% humidity. Then, after the 
heat treatment at 60 D C for 5 min to inactivate the en- 
zyme, the ■'fluorescence of carboxyfluoresceine which 
was produced by the enzyme digestion was observed 30 
and quantitated by a fluorescent microscope (with a B 
excitation filter) + ICCD.-r Argus. The signal amplifica- 
tion level of Argus 50 was the same as described in Ex- 
ample 8. The results are shown in Fig. 3. Fig. 3 indicates 
that the reaction in the minute reaction site array of the 35 
present invention proceeded and detected quantitative- 
ly. The fluorescence intensity reaches the saturation 
due to the enzyme/substrate ratio. 

Example 10 40 

[Preparation of a more minute reaction site array and 
supply of an aqueous solution by ink-jet method] 

[0070] A minute reaction site array of about 1 cm X 1 45 
cm was formed on a glass substrate in the same manner . . 
as in Example 1, except that the black matrix pattern 
was 5 fim in width and the film thickness was 4 una, and : 
there contained 1 ,000,000 units of 5 pm x 5 jam square 
. wells. Then, a solution of 10 u.M rhodamine B was fed so 
to each well using an- ink-jet device in a checkered pat- 
tern. The precision of ejection positioning of the ink-jet . 
devise used is -4-0.5 urn Then, an aqueous solution of 
10 u.M amino-FITC was fed in an amount of 1 pi into 
each of the remaining wells from another ink-jet head. ss 
[0071] By. using a Nikon fluorescent microscope in- 
stalled with a G excitation filter (for rhodamine B) and a 
B excitation filter (for amino-RTC), and fluorescence db- 



servation was carried out at the magnification of 400 
times to know the conditions of the ted solutions. The 
solution of each dye was found in the form of droplet as 
in Example 4. No cross contamination was observed. 
[0072] The present invention enables the preparation 
of a minute reaction site array suitable for the supply of 
the reaction species to conduct a large number of vari- 
ous kinds of reactions in a small region (for example, 1 
cm X 1 cm) on a substrate. With combined use of the 
ink-jet method, supply of solutions of reaction species 
to the minute reaction site array of the present invention 
and their reaction, as well as detection of the reaction 
and quantitative determination as needed have been 
able to conducted. 



Claims 

1. A process for producing a reaction site array com- 
prising a plurality of reaction sites to conduct a re- 
action between two or more kinds of substances in 
a liquid medium,, each of the reaction sites being 
composed of a first region having a first affinity to 
the liquid medium and separated.from each other . 
by a second region having a second affinity to the 
liquid medium which is lower than the first affinity, 
and the second region being raised from the first 
region, the process comprising the steps of: 

• providing a support; and 

forming a matrix pattern having the second af- 
finity and being raised from the support surface, 
to form the first region composed of the support 
surface exposed corresponding to the matrix 
- pattern and the second region composed of ths 
matrix pattern. 

2. The process according to claim 1 , wherein the sup- 
port surface is hydrophiiic and the matrix pattern . 
surface is hydrophobic. 

3. The process according to claim 1 , wherein the sup- 
port surface is lipophilic and the matrix. pattern sur- 
face is non-lipophiiic. 

. 4. The process according to claim. 1 or 2, wherein the 
matrix pattern is made of a resin material. 

5. . The process according to claim 1 , wherein the ma-. 
. trix pattern is made by a photolithographic process. 

6. The process according to claim 5, wherein the pho- 
tolithographic process comprises the steps of: 

making a resin layer on the support surface; 
forming a photoresist layer on the resin layer; 

• irradiating light to the photoresist layerto make 
. a pattern corresponding to the matrix pattern; 
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develop'mg the exposed photoresist layer; 
patterning the resin layer using the photoresist 
layer as a mask; and 

forming the matrix pattern by removing the pho- 
toresist layer. 

7. The process according to claim 5, wherein the pho- 
tolithographic process comprises the steps of: 

making a photosensitive resin layer on the sup- 
port surface; 

irradiating light to the photosensitive resin layer 
to. make a pattern corresponding to the matrix 
pattern; 

developing the photosensitive resin layer to 
make the matrix pattern. 

B. The process according to claim 7, wherein the ma- 
trix pattern made of the photosensitive resin layer 
is further subjected to post-baking process to im- 
prove its water repeilency. 

'9. The process according to claim 2, wherein the sup- 
port surface is hydrophilic, and the support surface 
composing the first region is subjected to etching 
using the matrix pattern as a mask to improve the 
hydrophliicity of the first region. 

1 p. The process according to claim 1 , wherein the sup- 
port is transparent and the matrix pattern is opaque. 

1 1 . The process according to claim 1 0, wherein the ma- 
trix pattern is colored in black. 

12. The process according to claim 1, wherein the 
height of the matrix pattern is from 1 urn to 20 urn. 

• 13. The process according to claim 1, wherein a dis- 
tance between the first regions adjacent each other 
is from 1/2 times to 2 times a maximum length of 
the first region. 

1 4. A reaction site array to conduct a reaction between 
two or more kinds of substances in a liquid medium, 
wherein each of the reaction sites is composed of 
a first region having a first affinity to the liquid me- 
dium and separated from each other by a second 
region having a second affinity to the liquid medium 

- which Slower thannhe first affinityrandlhe-second- 
region is raised from the first region. 

15. The reaction site array according to claim 14, 
wherein a density of the reaction sites is 1 0 2 units/ 

. cm 2 or more. 

16. The reaction site array according to claim 14, 
• wherein the second region is formed in a pattern 

form on a surface of a support, the support surface 



having the first affinity. . 

17. The reaction site array according to claim 1 4 or 1 6, 
wherein the second region is composed of a resin 

s material. 

18. The reaction site array according to claim 16, 
wherein the second region is made by a photoiith- 

- ographic process. 

10 

19. The reaction site, array according to claim 14, 
• wherein the first'region is transparent and the sec- 
ond region is opaque. 

is 20. The reaction site array . according to claim 14, 
wherein the support is transparent and the second 
region is opaque. 

21. The reaction site array according to claim 20, 
20 wherein the second region is colored in black. 

22. The reaction site array according to claim 14, 
wherein a maximum length of the first region is 200 
urn or less. 

25 

23. The reaction site array according to claim 14, 
wherein a distance between the first regions adja- 
cent each other but separated by the second region 
is ranging from 1/2 times to 2 times a maximum 

so length of the first region. 

24. The reaction site array according to claim 14, 
wherein a height of the second region is from 1 urn 
to 20 |im. 

35 

25. A process for conducting a reaction between two or 
more kinds of substances in a liquid medium com-, 
prisin g the steps of: 

40 • providing a reaction site array comprising a plu- 

rality of reaction sites being composed of a first 
region having a first affinity to the liquid medium 
and.separated from each other by a second re- . ■ 
gion having a second affinity to the liquid medt- 
45 urn which is .lower than the first affinity, and the 

second region being.raised from the first region, 
■ --and 

applying the substances to at least one of the 
" Teaction 'sites andTeacting the s 
50 the sites. 

• 26. The process according to claim. 25, wherein the 
density of the reaction sites is 10 2 units/cm 2 or 
more. 

ss 

27. The process according to claim 25, wherein the sec- 
ond region is made in a pattern form on a surface 
of a support, the surface having the first affinity. 
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28. The process according to claim 25 or 27, wherein 
the second region is composed of a resin material. 

29. The according to claim 25 or 27, wherein thB second 
region is made by a photolithographic process. 

30. The process according to claim 25, wherein the first 
region is transparent and the second region is 
opaque. 

31. The process according to claim 27, wherein the 
support is transparent and the second region is 
opaque. 

32. The process according to claim 31 , wherein the sec- 
ond region is colored in black. 

33. The process according to claim 25, wherein a max- 
imum length of the first region is 200 urn or less. 

34. The process according to claim 25, wherein a dis- 
tance between the first regions adjacent each other 
is ranging from 1/2 times- to 2 times a maximum 
length of those first regions. 



35. The process according to claim 25, wherein a height 
of the second region is ranging from 1 u.rn to 20 um 

36. The process according to claim 25, wherein the two 
or more substances include substances relating 
each other as a ligand and a receptor. 

37. The process according to claim 25, wherein oli- 
gopeptides or polypeptides having a certain amino 
acid sequence are included in the two or more sub- 
stances. 

38. The process according to claim 25, wherein pro- 
teins are included in the two or more substances. 

39. The process according to claim 38, wherein the pro- 
teins are antibodies. 

40. The process according to claim 39, wherein the pro- 
teins are antigens. 

41. The process according to claim 25, wherein en- 
zymes are included in the two or more substances. 

42. The process according to claim 25, wherein single- 
stranded nucleic acids or modified nucleic acids 

. having a certain base sequence are included in the 
two or more substances. 
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oleic acid is DNA. 

45. The process according to claim 42, wherein the nu- 
cleic acid is RNA. 

46. The process according to claim 42, wherein the 
modified nucleic acids is protein nucleic acid (PNA: 
Protein nucleic Acid). 

47. The process according to claim 25, wherein a sup- 
ply of the substances to the reaction site array is 
conducted using ink-jet method. 

48. The process according to claim 47, wherein a sup- 
ply of the substances to the reaction site array is 
conducted using bubble-jet method. 



49. The process according to claim 47, wherein a sup- 
ply of the substances to the reaction site array is 

20 . conducted using piezo-jet method. 

50. A process for quantifying a first substance con- 
tained in a sample liquid comprising the steps of: 



25- 



30 



35 



40 



45 



50 



a) providing a reaction site array comprising a 
plurality of reaction sites, each of the reaction 
sites being composed of a first region having a 
first affinity to the sample liquid and separated 
from' each other by a second region having a 
second affinity to the sample liquid which is low- 
er than the first affinity, and the second region 
being raised from the first region; 

b) supplying the sample liquid to the reaction 
site; 

. c) supplying to the reaction site a reagent pro- 
viding a detectable and quantifiable signal 
when interacting with the first substance to en- 
able the quantitative detection of the first sub- 
stance; and. 

d) quantitatively detecting the signal. 

51. The process according to claim 50, wherein the ( step 
c) includes a process to supply to each reaction site 

-a liquid medium containing- a second substance 
which -binds to the first substance, and the reagent, 
where the first region shows the first affinity to the 
liquid medium, , and the reagent interacts with a 
complex of the first substance and the second sub- 
stance. 

52. The process according to claim 51, wherein to each 
reaction site, different kinds of substances are sup : 
plied as the second substances; 



43. The process according to claim 42, wherein the nu- ss 53. The process according to claim 50, wherein the 
cleic acids are oligonucleotides or polynucleotides. density of the reaction site is 10 2 units/cm^ or more. 



44. The process according to claim 42, wherein the nu- 



54. The process according to claim 50, wherein the sec- 
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ond region is made in a pattern form on a surface 
of the support, the surface having the first affinity. 

55. The process according to claim 50 or 54, wherein 
the second region is composed of a resin material. 

56. The process according to any of claim 50, 54 or 55, 
wherein the second region is made by a photolith- 
ographic process. 

57. The process according to claim 50, wherein the first 
region is transparent and the second region is 
opaque. 

58. The process according to claim 50, wherein the 
support is transparent and the second region is 
opaque. 

59. The process according to claim 57 or SB, wherein 
the second region is colored in black. 

SO. The process according to claim 50, wherein a max- 
imum length of the first region, is 200 urn or less. 
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The process according to claim 50, wherein a dis- 
tance between the first regions adjoined each other 
but separated by the second region is ranging from 
'1/2 times to 2 times of the maximum length of the 
first region. 



52. Tne process according to claim 50 ; wherein the 
. height of the second region is 20 jim or. less. 

53. "The process according to claim 50, wherein the re- ' 
agent is contained in the sample liquid. 

54. The process according to claim 51, wherein the re- 
agent is contained in a liquid medium containing the 
second substance. 

55. The process according to claim 51 , wherein a rela- 
tion between the first substance and the second 
substance is a ligand and a receptor. 
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70. The process according to claim 51 , wherein at least 
one of the first substance and the second substance 
is an enzyme. 

71. The process according to claim 51 , wherein at least 
one of the first substance and the second substance 
is a single-stranded nucleic acid or a modified nu- 
cleic acid having a certain base sequence. 

72. The process according to claim 71 , wherein the nu- 
cleic acid is an oligonucleotide or a polynucleotide. 

73: The process according to claim 71 , wherein the nu- 
cleic acid is a DNA. 

74. The process according to claim 71 , wherein the nu- 
cleic acid is an RNA. 

75. The process according to claim 71 , wherein the nu- 
cleic acid is a protein nucleic acid (PNA). 

76. Tne process according to claim 50, wherein supply 
of at least one of the sample and the reagent to the 
reaction site is conducted by an ink-jet method. 

77. The process according to claim 51 , wherein the 
supply of a liquid medium containing the second 
substance to the reaction site is conducted by an 
ink-jet method. 



7£. 



i he process according to claim 76 or 77, wherein 
the ink-jet method is a bubble-jet method. . 



79. The process according to claim 76 or 77, wherein 
35 the ink-jet method is a piezo-jet method. 
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66. The process according to claim 51 , wherein at least 4S 
one of the first substance and the second substance 
is an oligonucleotide orpolypeptide having a certain 
amino acid sequence. 

57. The process according to claim 66, wherein at least so 
one of the first substance and the second substance 

is a protein. 

58. The process according to claim 57, wherein the pro- 
tein is an antibody. ss 

59. The process according to claim 67, wherein the pror 
tein is an antigen. 
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